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1. INTRODUCTION

Bone health is critical for optimal performance and the prevention of fractures associated
with low bone mineral density (BMD). Our first two-year period of funding focused on
using the meta-analytic approach to examine the effects of exercise on BMD in adult humans

~ using summary means from completed studies. Since no meta-analysis had existed using
individual patient data (IPD) to examine the effects of exercise on BMD, our second period
of funding was devoted to examining the feasibility of such. The specific aims of the second
project period were to (1) compare summary versus IPD in relation to the overall magnitude
of effect that exercise has on BMD, (2) compare summary versus IPD in relation to the effect
of potentially confounding variables (age, training program, etc.) on changes in BMD, and
(3) provide recommendations for future research regarding the use of summary versus IPD
for examining the effects of exercise on BMD. The results of this project will help identify
the best approach to use (summary versus IPD) when attempting to arrive at a more objective
conclusion regarding the effects of exercise on BMD in humans. In addition, this will be the
first meta-analysis using IPD in the area of exercise and BMD. Finally, the results of this
project will provide the Armed Forces with a better understanding of the effects of exercise
on BMD and will also help to identify what programs, if any, will provide for optimum bone
development and maintenance.

‘II. BODY

A. Statement of Work

None. No work was conducted for the past year because this grant has not yet been
transferred from Massachusetts General Hosp1ta1 in Boston to West Virginia University
in Morgantown.

IIL. KEY RESEARCH ACCOMPLISHMENTS

None. No work was conducted for the past year because this grant has not yet been
transferred from Massachusetts General Hospital in Boston to West Virginia University in
Morgantown. ‘

IV. REPORTABLE OUTCOMES (Note: The items referenced below represent work
which was conducted prior to the current reporting year and previously listed as “in
press”)

A. Manuscripts (Refereed)
1. Kelley, G.A., Kelley, K.S., Tran, Z.V. Acrobic exercise and regional bone density

in women: A meta-analysis of controlled trials. American Journal of Medicine &
Sports. 2002; 4:427-433. (See Appendix A)




2. Kelley, G.A., Kelley, K.S., Tran, Z.V. Retrieval of individual patient data for an

exercise-related meta-analysis. American Journal of Medicine and Sports. 2002;
4:350-354. (See Appendix'B)

3. Kelley, G.A., Kelley, K.S., Tran, Z.V. Exercise and lumbar spine bone mineral
density in postmenopausal women: A meta-analysis of individual patient data.
Journal of Gerontology: Medical Sciences. 2002; 57A:M599-M604. (See Appendix
C)

4. Kelley, G.A., Kelley, K.S., Tran, Z.V. Exercise and bone mineral density at the
femoral neck in postmenopausal women: A meta-analysis of controlled clinical
trials using individual patient data. Disease Management and Clinical Qutcomes.
Note: This manuscript, previously reported as “in press,” will not be published in
the above-referenced journal because it has ceased publication. We plan on seeking
publication of this work elsewhere. For verification regarding this journal, please
contact Dr. Clifton Lacy (Phone: 609-292-7837; E-mail: lacyl @optonline.net) (See

“Appendix D) '

V. CONCLUSIONS
'A. Importance of Completed Research

~ No work was conducted for the past year because this grant has not yet been transferred
from Massachusetts General Hospital in Boston to West Virginia University in
Morgantown.

B. Suggestions for Future Work

A need exists for addressing the inconsistencies between results of summary means and
individual patient data in relation to the effects of exercise at the hip. This includes an
examination of whether the smaller number of individual patient data studies available
at the femoral neck limited the power of our more recent meta-analysis or the inclusion
of studies using any femur site skewed the results of our earlier meta-analytic work.

C. So What?
This cannot be addressed because no work was conducted for the past year on this
project. We are still awaiting transfer of this grant from Massachusetts General
Hospital in Boston to West Virginia University in Morgantown.
VI. REFERENCES - Not Applicable
VII. APPENDICES

A. Aerobic Exercise and Regional Bone Density Manuscript

B. Retrieval of Individual Patient Data Manuscript




C. Exercise and Lumbar Spine Bone Mineral Density Manuscript

D. Exercise and Bone Mineral Density at the Femoral Neck Manuscript
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AEROBIC EXERCISE AND BONE DENSITY
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and _=Reg‘ional Bone Density i

ontrolled 'l'rmls

GeOrgeA Kelley, DA; Kristi S. Kelley, MEd
Institute of Health Profess:ons Massachusetts General Hospital, Boston, MA

In this study the meta-analytic approach was
used to examine the effects of aerobic exercise
on regional bone mineral density at the
lumbar spine, femur, and radius in women.
Twenty-four studies representing 58 groups

steoporosis, defined as abnormally low bone
mass, is a major public health problem in the
United States, as well as other countries. In 1996, it
was estimated that approximately 23 million women
in the United States had osteoporosis or were at risk for
developing the disease.! By the year 2015 this figure is

(31 exercise, 27 control) and 1029 subjects
(517 exercise, 512 control) met the criteria
for inclusion. Using a random-effects model,
small but statistically significant effect size
changes in bone mineral density were observed
at the lumbar spine (X £5D=0.33+0.49;
95% confidence interval=0.16-0.50) and
femur (X £5SD=0.25+0.35; 95% confidence

" interval=0.14-0.35). Changes in lumbar
spine bone mineral density were equivalent to
a 0.37% increase in the exercise groups and
a 1.87% decrease in the control groups. For
the femur, changes were equivalent to a
'1.37% increase in the exercise groups and a
0.58% decrease in the control groups. No
statistically significant changes were observed
at the radius (X £5D=0.10+0.45; 95% con-

fidence interval=—0.20 to 0.41). The overall -

results of this study suggest that aerobic exer-
cise has a small but positive effect on bone
mineral density at the lumbar spine and
femur in women. (Am ] Med Sports. 2002;
4:427-433, 452) ©2002 Le jocq Communications, inc.

Address for correspondence:

George A. Kelley, DA, Associate Professor,
Graduate Program in Clinical Investigation;
Director, Meta-Analytic Research Group,
Institute of Health Professions,
Massachusetts General Hospltal

101 Merrimac Street, Boston, MA 02214
Manuscript received August 15, 2000;
accepted August 30, 2000

ed to increase to approximately 35 million.2 It is
well established that low bone mineral density (BMD)
is associated with increased fracture risk. The health -
care costs associated with osteoporotic fractures has
been reported to exceed $13.8 billion annually.3 Given
the health and economic costs associated with osteo-
porosis, a need exists for appropriate nonpharmaco-
logic and pharmacologic interventions for dealing
with this disease. One such nonpharmacologic inter-
vention may be aerobic exercise,4 a low-cost interven-
tion that is available to most of the general public.

We have previously reported that aerobic exercise
might help to maintain and/or increase BMD in
postmenopausal women but that additional studies
were needed before any firm conclusions could be
reached.5-7 Since the time of these published meta-
analyses, a number of additional studies have been
conducted and/or located. It is critical that up-to-
date meta-analyses be performed in order to provide
the most recent information possible on the state of
knowledge regarding the topic of interest. Given the
health care consequences of low BMD, it is impor-
tant to understand the role that aerobic exercise may
play as a nonpharmacologic intervention for en-
hancing and/or maintaining BMD in women. Thus,
we used the meta-analytic approach to examine the
effects of aerobic exercise on regional BMD at the
lumbar spine, femur, and radius in women.

DATA SOURCES. Computerized literature searches of
articles indexed between January, 1966 and Decem-
ber, 1998 were performed using MEDLINE, Embase,
Current Contents, Sport Discus, and Dissertation Ab-
stracts International Databases. The key words used
in this literature search were “exercise” and “bone.”
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~ While this broad approach to searching the litera-

ture will result in the retrieval of a greater number of
articles to review, it should decrease the number of
studies missed when a more narrow and focused
search is conducted. In addition to computerized lit-

erature searches, the reference lists from both origi- -

nal and review articles were examined in order to
identify any studies that had not been previously
identified and that appeared to contain information
that may have met our inclusion criteria. Finally,
three experts on exercise and bone density (Dr.
David Nichols, Dr. Charlotte Sanborn, and Dr.
Christine Snow) reviewed our reference list for thor-
oughness and completeness :

*$TUDY SELECTION. The incluston criteria for this
" study were as follows: 1) trials were randomized or

nonrandomized trials and included a comparative
nonexercise group; 2) aerobic exercise was the only
intervention; 3) subjects were adult female humans

(mean age, 18 years or older); 4) studies were report-
~ ed as journal articles, dissertations, and master’s

theses published in the English language literature;
5) studies were published and indexed between Jan-
uary, 1966 and December, 1998; 6) BMD (relative
value of bone mineral per measured bone area) was
assessed at the femur, lumbar spine, or radius; and
7) training studies which lasted a minimum of 16
weeks. Only studies that met the above criteria were
included in our analysis. Thus, for example, if BMD
was also assessed in women performing progressive
resistance exercise as the primary training modality,
we did not include this information since it did not
meet our inclusion criteria. Because dissertations
and master’s theses may eventually become full-
length journal articles, we cross-referenced between

“the two in order to avoid duplication. We did not
include abstracts and conference papers from na-

tional meetings because of the paucity of data pro-
vided as well as.the inability to obtain complete

-data from the authors. Studies published in foreign '

language journals were also not included because of
the potential error in the translation and interpreta-
tion of findings. Studies that met our inclusion cri-
teria were also examined to ensure that the same
subjects were not included in more than one study.8
For studies that met our inclusion criteria but did
not provide appropriate information on changes in
BMD, personal contact was made with the authors.
in an attempt to retrieve such 1nforrnatxon ' '

'DATA ABSTRACTION. Codlng sheets that could

hold 242 items per study were developed and uti-
lized in this study. In order to avoid inter-coder

bias, all data were independently abstracted by

both authors. The authors then met and reviewed
every data point for accuracy and consistency. Dis-
agreements were resolved by consensus. The major

categories of variables coded included study char-
acteristics, phy51cal charactenstlcs of subjects, and

' pnmary and secondary outcomes

STATISTICAL ANALYSIS. anary Outcomes. The pri-

mary outcomes in this study were changes in BMD

.at the lumbar spine, femur, and radius, calculated

using the standardized difference effect size (ES) ap-
proach. This was accomplished by subtracting the
change outcame in the exercise group from the
change’| outcome in the control group, then divid-
ing this difference by the pooled standard deviation
of the exercise and control groups.? This measure
provid'es ‘one with a statistic similar to a z score. In

. general, an_ ES of 0.20 is considered.a small effect,

0.50"a moderate effect, and 0.80 a large effect.10 An
ES of 0.30 for example, means that the exercise
group differed from the control group by three-
tenths of a standard deviation in favor of the exer-
cise group. Using a z score table, this means that the
exercise group. would do better than approximately
62% of the control group. We used this approach
vs. the original metric because of the various ways
in which the authors reported data on changes in
BMD and becausé we also wanted to maximize the
number of stud1es and outcomes that could be in-
cluded in our analysxs All ESs were then corrected

for small:-sarnple bias.9 For’ studies that did not re-

port change outcome variances, these were estimat-
ed using previously. developed methods.11 T-
distribution 95% confidence intervals (CI) were
calculated for all outcomes. If the 95% CI included
zero (0. 00), it was concluded that there was no sta-
tistically s1gn1f1cant effect of exercise on BMD. A
random effects model was used for all analyses.?

. Heterogeneity of ESs was examined using the Q

statistic.9 For studies that included multiple out-
comes. because of more than one group, net
changes were 1n1t1a11y treated as independent data

points. However, in order to examine the influence

(sensitivity) of each study on the overall results,
analyses were performed with each study deleted
from the model for ES changes at the lJumbar spine,
femur, and radius. Publication bias (the tendency

for journals and/or authors to publish studies that .

yield stat1st1cally significant results) was examined
using a funnel plot.12 This was accomplished by
plotting the sample size on the vertical axis and ES
changes in BMD on the horizontal axis. Usually,
smaller studies tend to disperse at the bottom of the
funnel while larger studies tend to congregate at the
top. A gap. at the bottom of the funnel on the left
side indicates that small studies yielding null or
negative results may be missing. Study quality was
assessed using a three-item questionnaire designed
to assess bias—specifically, randomization, blinding,
and withdrawals/dropouts.13 The number of points
p0551ble ranged from a low of 0 to a high of 5. All
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questions were designed to elicit yes (1 point) or no

(0 points) responses. The questionnaire, which took
less than 10 minutes per.study, has been shown to

be both valid (face validity) and reliable (researcher”

inter-rater agreement r=0.77; 95% CI=0. 60—0 86) 13-

Subgroup Analyses Subgroup analyses for ES‘

changes at the lumbar spine and femur were per-
formed using analysis of variance (ANOVA)-like
procedures for meta-analysis.? These procedures
provide statistics for both within (Q.)- and betweeni

(Qu)-group differences. A random-effects mode] was

used for all analyses. Subgroup analyses were per-
formed for: ES changes at the lumbar spine and

- femur according to type of publication (journal vs.

dissertation); country in which the study was con:
ducted (United States vs. other); study design (ran-

" domized vs. nonrandomized, controlled trial); -

whether subjects were postmenopausal; whether
subjects were taking calcium supplementation; type

of BMD assessment (dual-energy x-ray absorptiome- -
‘try, dual photon absorptiometry, quantitative com-

puted tomography); and higher vs. lower impact
activity. Higher impact activities included exercises

such as running, jumping, and aerobic dancmg

with both feet off the ground, while lower impact
activities included exercises such-as walking and
low impact aerobic dancing with both feet on the
ground. ES changes in BMD at the femur were also
examined when data were partitioned according to
whether drugs were taken that could enhance BMD,
cigarette smoking, diet, previous physical activity,
and the specific site of BMD assessment (femoral
neck, trochanter, Ward’s triangle, intertrochanter).
Insufficient data were provided to examine ES

_changes in BMD at the lumbar. spine according to

whether drugs were taken that could enharice BMD,
cigarette smoking, diet, previous physical activity,

and the specific site at which BMD was assessed. For -

both the lumbar spine and femur, insufficient data
were provided to examine changes in BMD when

partitioned according to alcohol consumption and.

previous fractures. We were unable to partition the
results according to training modality because of

the variety of activities in which the subjects partici-

pated. We did not perform subgroup analysis for
changes in BMD at the radius because of the small
sample size. In addition, we were not able to exam-
ine differences between the radius and other sites at
the forearm (for example, the ulna) because of in-
sufﬁaent data.

Regression Analysis. The potential associations be- -
tween ES changes in BMD at the lumber spine and -

femur were conducted using simple weighted
least-squares regression, according to procedures
developed by Hedges and Olkin.? Variables includ-
ed study quality, percent dropout, initial BMD, age,

heignt, initial body Weigh,t, Changeg in de:V
weight, initial body mass index, changes in body

mass index, initial percent fat, changes in percent -

fat, initial lean body mass, changes in lean body
mass, initial maximum oxygen consumptlon :

(mL/kg 1/min-1), changes in maximum oxygen con- -
-sumption (mL/kg-1/min-1), years past menopause,

initial calcium intake; changes-in calcium intake,
reliability of BMD measurements, length, frequen-
cy, intensity, and duration of training, total min-.
utes of training (length x frequency x duration),
and compliance, defined as the percentage of exer--
cise sessions attended. Insufficient data were avail- -

- able to examine ES changes in BMD and resting:

heart rate. We did not conduct regression analyses

for ES changes in BMD at the radius because of the = :

small sample size. We were unable to conduct any

““type of multiple Tegression analyses becatse of SRR

missing data for different sets of variables.

Secondary Outcomes. Secondary outcomes (changes R

in body weight, body mass index, percent body fat, ' -
lean body mass, maximum oxygen. consumption,
resting heart rate, and calcium intake) were calculat-’

" ed as the difference (exercise minus control) of the

changes (injtial minus final) in these mean values.
With the exception of the use of the original metric
vs. standardized difference approach, changes in
secondary outcomes were examined using the same
procedures as those for BMD.

An independent t test (2-tailed) was used to com- -
pare differences in study quality between journals
and dissertations. Unless otherwise noted, all results

- are reported as X +SD. The alpha level for statlstlcal

51gn1ﬁcance was set at p<0. 05

STUDY CHARACT ERISTICS Twenty-seven ‘studies met
the criteria for inclusion14-40; however, we were un-
able to retrieve necessary data from three stud-
ies.15,27,28 This resulted in a loss of approximately
11%. Thus, 24 studies representing 31 exercise and 27
contro! groups (some studies had more than one
group) were included in our final analysis.1416-26,29-40
From these 24 studies, 31 effect sizes were generated
for the lumbar spine, 42 for the femur, and 11 for the
radius. Twenty-two of the studies were published in
refereed journals14,17-26,29,31-40 while the other two
were dissertations.16.30 Thirteen studies were conduct-
ed in the United States,14,16,19,20,22,26,30,31,33,34,37-39
three each in Australial8.35,36 and the United King-
dom,17.21.32 two each in Finland2?425 and Japan,23.40
and one in China.29 Thirteen of the studies were
randomized, controlled trials,16.17,21-25,29,31,32,35,36,39
while 11 were nonrandomized, controlled tri-
alls14,18-20,26,30,33,34,37,38,40 Study quality ranged from 0

NOVEMBER/DECEMBER 2002 429




430 AEkOBIC EXERCISE AND BONE DENSITY

AJMS

NOVEMBER/DECEMBER 2002

to 5.(X £SD=1.75£1.51). There was no statistically sig-
nificant difference in study quality between studies
published in journals and dissertations (p=0.65). A
total of 1029 subjects (517 exercise, 512 control) com-
pleted pre- and post-assessments of BMD. The average
number of subjects ranged from five to 49 in the exer-
cise groups (X 15D=17+12) and from four to 48 in the
control groups (X +SD=19+15). The percent dropout,
defined as the percentage of subjects who did not
complete the study, ranged from 0%-63% in the exer-

cise groups (X +SD=20%216%) and from 0%-43% in

the control groups (X £SD=10%:1119%).

SUBJECT CHARACTERISTICS. A description of the
subject characteristics is shown in Table I. In six

supplementation.21:3¢ Another study had two sepa-

tate groups of subjects, one who took some type of

calcium supplementation and another who did’
not.2? In one other study, all of the subjects in the

~ control group took some type of calcium supple-

mentation, while some in the exercise group. did
50.14 In eight studies, food intake did not change

during the study14.17,19,22,24,26,32,38 and in one

study, it did.33 In six studies, none of the subjects
smoked cigarettes24-26,30,36,38 and in four studies,
some of the subjects smoked.17.19.21,37 In one
study, none of the subjects in the control group
smoked but some of the subjects in one of the two
exercise groups smoked.3! In another study, some
of the subjects in the exercise group smoked but

Table I. Subject Characteristics
EXERCISE . CONTROL

studies, all of the subjects were white14,22,30,31,33,36;
in one study, all subjects with the exception of one
(a black person) were white20; in one study, all sub-
jects were Chinese2?; and in one study, all subjects
were Japanese.40 In 19 studies, all subjects were
postmenopausall4,17—23,26,29-33,35—38,40; in two stud-
ies, only some subjects were postmenopausal25.34;
and in three studies, no subjects were post-
menopausal.16:2439 In 14 studies, no subjects were
taking any type of hormone replacement during
the study14.17-19,23, 30-36,38,40 and in six studies, some
of the subjects were taking some type of hormone
replacement therapy.20-22,24,25,37 One study had two
separate groups of subjects in which one group
took some type hormone replacement therapy
while the other did not.26 In nine studies, all sub-
jects were taking some type of ‘calcium supplemen-
tation during the study16.20.26,31-33,35,37,39; in five
studies, no subjects were taking any type of calci-
um supplementation19.22,23,36,40; and in two stud-
ies, some of the subjects took some type of calcium

VARIABLE N (X £SD) N (X18D)
Age (years) 31 57.9+12.7 27 58.2+13.2
Height (cm) 22 160.7x4.3 19 161.514.4
Weight (kg) 25 64.746.6 21 64.216.4
BMI (kg/m2) 24 249119 21 24.6x1.9
Fat (%) 13 38.2+4.8 10 37.916.5

‘ Lean mass (kg) 13 41.2+3.5 10 39.8+2.8

: Initial VOzmax

(mL/kglmin!) 16  23.414.2 11 23.9+5.0
Initial RHR (bpm) 4 76.7+3.7 2 74.15¢4.5
Postmenopausal - .

(years) 22 10.0+5.4 18 11.75.8
Calcium (mg) 19 934+340 16 9381344
N=number of groups reporting mean data; BMI=body
mass index; VO,na=maximal oxygen consumption;
RHR=resting heart rate; bpm=beats per minute.

no subjects in the control group did.18 In two stud-
ies, some subjects consumed alcohol during the
study.1832 In two studies, no subjects had previous
fractures,2938 while in another study, subjects did
have previous fractures.2! In 13 studies, none of

" the subjects had been active prior to taking part in

the study14,17,20, 22,24-26,30,31,33,37,38,40 and in six
studies, some of the subjects had been previously

- active.16.19,21,35,36,39 In one study, no subjects in
-the control group had been active prior to taking

part in the study but subjects in the exercise group
had been previously active.34

BONE DENSITY ASSESSMENT CHARACTERISTICS.
Twelve studies assessed BMD at the lumbar spine

. using dual-energy x-ray absorptiometry (DEXA),1617,

21,23-26,29,35,38-40 seven studies used dual-photon ab-
sorptiometry (DPA),14.18,20,22,30,31.34 and two used

quantitative computed tomography (QCT).1932 One . .. .
other study used both DPA and QCT to assess BMD at .

the lumber spine.33 For studies that included such
data, the vast majority reported the assessment of
BMD at the 1.2-14 sites.16,17,20,22-25,29-31,34,38,39 Three
studies reported the assessment of BMD at the L1-14

‘sites, 14,3540 ope at thg L1-L2 sites,19 and another at
the L1-L3 and L2-14 sites.33 Between-study mean reli-

ability (coefficient of variation) of BMD assessment at
the lumber spine ranged from 0.4%-3%. Ten studies
used DEXA to assess BMD at the femur,16.17.21,
24-26,29,35,38,39 while another five used DPA.14,18,30,33,34
Fifteen studies included assessment of BMD at the
femoral neck,14,16—18,21,24—26,29,30,33—35,38,39 seven at
Ward’s triangle,16,18,26,29,34,38,39 eight at the
trochanter,16,18,24,26,34,35.38,39 and two at the in-
tertrochanter.29.35 One study involved BMD assess-

ment at the distal femur,24 and another involved

assessment of the total femur.3s The mean be-
tween-study reliability (coefficient of variation) for
BMD assessment at the femur ranged from
0.5%-4.4%. In eight studies, BMD was assessed at the
forearm24-26.30,33,34.36,37; however, we were unable to
identify whether one of the studies assessed BMD
at the radius.36 Four studies used single-photon




AIMS NOVEMBER/DECEMBER 2002 431

AEROBIC EXERCISE AND BONE DENSITY

absorptiometry (SPA) to assess BMD at the ra-
dius,30.33,:34,37 while three used DEXA.24-26 The mean
between-study reliability (coefficient of variation)
ranged from 0.5%-5.0%.

TRAINING PROGRAM CHARACTERISTICS. A de- -

scription of the training program characteristics is
shown in Table II. Overall, the activity most com-
monly included in these exercise interventions
was walking. Specifically, five studies limited the
training modality to primarily walking,17,19.21,23,33
two to jogging,16:39 and two to a combination of
walking and jogging.31.38 Two other studies had
subjects participate primarily in aerobic danc-

ing,3234 while another two employed walking3s.36 .

or aerobic dancing!8.22 as well as other activities.

One study limited participants’ exercise to stair.

Table II. Training Program Characteristics

VARIABLE N (X 1SD)
Length (weeks) -3 53+23
Frequency (days/week) 28 o 31
Intensity (% VOzmax) 7 7518
Duration (min/session) 22 3311
Total min* 22 504613159
Compliance (%) 21 83+12
N=number of groups reporting mean data; VO, ,x=maxi-
mal oxygen consumption; *total minutes calculated as
the product of length, frequency, and duration.

Radius. The overall results for ES changes in BMD at ‘

__the radius are shown in Table IIl. As can be seen,.

stepping and other miscellaneous activities,2?
while another limited exercise to stationary cy-
cling.14 Two other studies had participants take
part in a combination of walking, jogging, cy-
cling, stair stepping, and other activities20.25; one
had subjects perform walking, jogging, and stair
stepping?6; and another had subjects walk, swim,
and perform other various activities.40 One study
had subjects perform aerobic dancing, stair step-
ping, and other assorted activities,2¢ while anoth-
er had subjects perform a variety of different but
unspecified activities.3? Finally, one study had one
group of subjects who walked and another group
who swam.30

PRIMARY OUTCOMES. Lumbar Spine. The overall re-
sults for ES changes in lumbar spine BMD are
shown in Table III. As can be seen, small but statisti-
cally significant ES changes in lumber spine BMD
were observed. These changes were equijvalent to a
0.37% increase in the exercise groups and a 1.87%
decrease in the control groups. No statistically sig-
nificant heterogeneity was found for changes in
lumbar spine BMD. Funnel plot analysis was sugges-
tive of publication bias. With each study deleted
from the model once, ES changes in BMD ranged
from a low of 0.2710.42 (95% CI1=0.12-0.44) to a
high of 0.36+0.48 (95% CI=0.18-0.54).

Femur. The overall results for ES changes in BMD at
the femur are shown in Table III. As can be seen,
small but statistically significant changes in BMD at
the femur were observed. These changes were equiva-
lent to a 1.37% increase in the exercise groups and a
0.58% decrease in the control groups. No statistically
significant heterogeneity was found for changes in
BMD at the femur. Funnel plot analysis was sugges-
tive of publication bias. With each study deleted from
the model once, ES changes in BMD at the femur

ranged from a low of 0.211+0.34 (95% CI=0.10-0.32)

to a high of 0.2610.38 (95% Cl=0.14-0.38).

changes in BMD at the radius were not statistically
significant. ES changes were equivalent to a 0.08%
decrease in BMD for the exercise groups and a 0.75%
decrease in the control groups. No statistically signifi-
cant heterogeneity was found for changes in BMD at
the radius. Funnel plot analysis was not suggestive of
publication bias. With each study deleted from the
model once, ES changes in BMD at the radius ranged
from a low of 0.02+0.37 (95% CI=-0.25 to 0.28) to a
high of 0.1740.42 (95% CI=—0.13 to 0.48).

Subgroup and Regression Analysis. Greater ES changes in
BMD at the femur were observed for those subjects
who received some type of calcium supplementation
(X £SD, calcium supplementation=0.3310.42; no calci-
um supplementation, —0.24+0.44; Q,=4.55; p=0.03).
None of the other subgroup analyses at the lumber
spine and femur were statistically 51gmﬁcant or clin-
jcally important,

SECONDARY OUTCOMES. A statistically significant

_increase was observed for changes in maximum oxy-

gen consumption (X £SD=1.8612.17 ‘'mL/kg-lmin-y;

95% CI=0.31-3.41). No statistically significant or chn-
ically important changes were found for any of the
other secondary outcomes.

‘Dis'cussion

One of the primary roles of a meta-analysis is to at-
tempt to arrive at some overall conclusion(s) regard-
ing a particular body of research. The overall results
of this study suggest that aerobic exercise has a small
but positive effect on BMD at the lumbar spine and
femur in both premenopausal and postmenopausal
women, and that this effect appears to be the result
of increasing and/or preserving BMD. The fact that a
similar effect was not found at the radius is not sur-
prising, given that it appeared that all of the exercise
interventions that the studies employed focused on
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Table I11. Overall Results for BMD

VARIABLE ES(#) XSD  95% CI QW)

Lumbarspine 31 033:0.49 0.16t00.50* 33.65(0.29)
Femur 42 0254035 0.14t00.35* 32.93(0.81)
Radius 10 0.10£0.45 -0.20t00.41 09.99(0.44)

BMD=bone mineral density; CI=confidence mterval
* Significantly different from zero.

__at all sites, including the radius, may be necessary in .

loading the lower extremities. Thus, specific loading

order to help increase and/or preserve BMD at that
particular site. The overall results observed in this
study are similar to those of our previous and less
complete work, in which comparable changes in
BMD were reported.S-7

While the results of this study are positive with
respect to changes in BMD at the lumbar spine and
femur, the clinical importance of such small

changes (approximately 29) is not known, especial--

ly as they relate to fracture risk. Indeed, it may be
that postmenopausal women might need other
types of nonpharmacologic and pharmacologic in-
terventions in addition to, or in lieu of, aerobic ex-
ercise in order to realize a significant impact on
increasing and/or preserving BMD and subsequent-
ly reducing fracture risk. For example, a recént
meta-analysis found that 10 mg per day of alen-
dronate over a period of 3 years in postmenopausal,
osteoporotic women reduced the estimated cumula-
tive incidence of nonvertebral fractures from 12.6%
in the placebo group to 9.0% in the alendronate
group.41 This coincided with an increase in BMD
of approximately 8.8% at the spine, 7.8% at the
trochanter, and 5.9% at the femoral neck.4! Since
the changes in BMD observed in this meta-analysis
were much smaller, it is difficult to generalize as to
how these changes impact subsequent fracture risk.
It would appear plausible to suggest that future
studies examining the effects of exercise on changes
in BMD attempt to address the clinical importance
of these changes on subsequent fracture risk.

The fact that there were greater changes in BMD
at the femur in those studies that included calcium
supplementation suggests that its combination with
exercise may be necessary in order to increase
and/or preserve BMD in women. This supports pre-
vious work in which calcium supplementation was
found to be necessary in order to maximize the ben-
efits of exercise on BMD.42 ,

We were surprised to find that both higher and
lower impact activity yielded similar benefits at both
the femur and lumbar spine, especially since it is gen-
erally believed that higher impact activity will have a
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more positive effect on BMD. However, our results
support other reports of similar BMD results for both
higher and lower impact activities.22 This notwith-
standing, our results need to be interpreted with cau-
tion, since the issue of mechanical loading and
skeletal integrity is still a controversial area in need of
additional research.43 Furthermore, since few authors
reported the specific ground-reaction forces associated
with the intervention employed, we were limited to
developing a somewhat arbitrary classification system.

Despite the fact that meta-analysis is a quantita-

tive approach for reviewing a body of literature,

subjective decisions still have to be made. For exam-
ple, in this investigation, we chose to include un-

..published studies (dissertations)-in-our analysis.

While the inclusion of unpublished studies in scien-
tific overviews is controversial, we believe that if ap- -
propriate resources are available, unpublished
studies should not be systematically excluded.
Rather, they should be included and examined for
potential differences when compared to published
work. This is especially true given the fact that there
is a bias toward publishing studies that yield statisti-
cally significant and positive results. For example,
Sterling et al.#4 found that approximately 96% of se-
lected psychology journals and 85% of selected
. medical journals published studies that yielded a
 statistically significant result. The inclusion of un-
published work in scientific overviews is a feeling
that is shared by the vast majority of meta-analysts
and methodologists; approximately 78% believe
that unpublished material should definitely or prob-
ably be included in scientific overviews.45 Alterna-
tively, it may be argued that the inclusion of
unpublished work is inappropriate because it has
not gone through the peer review process and/or
that such studies were never submitted for publica-
tion consideration because of the feeling that they
may have been flawed because of some type of
methodologic problem. However, the fact that we
found no statistically significant difference in study
quality between published and unpublished work
and found no difference in ES results when our data
were partitioned according to type of publication
led us to include this information in our analysis.
. Another subjective decision we made was the in-

" clusion of nonrandomized, controlled trials. We be-

lieve that it is important to include nonrandomized
trials, at least in the exploratory phase, in order to
see if they differ from randomized trials. Since our
subgroup analyses revealed no statistically signifi-
cant differences in ES between randomized and
nonrandomized trials at any of the sites assessed, we
chose to include these in our final analysis.

While it appears that aerobic, site-specific exercise
has a small but positive effect on BMD in adult
women, these results need to be interpreted with re-
gard to 